Objective-To determine whether a multisystemic bioenergetic deficit is an underlying feature of familial hypobetalipoproteinaemia. Methods-Brain and skeletal muscle bioenergetics were studied by in vivo phosphorus MR spectroscopy (31P-MRS) in two neurologically affected members (mother and son) and in one asymptomatic member (daughter) of a kindred with familial hypobetalipoproteinaemia. Plasma concentrations of vitamin E and coenzyme Q,0 (CoQ,0) were also assessed.
Results-Brain 31P-MRS disclosed in all patients a reduced phosphocreatine (PCr) concentration whereas the calculated ADP concentration was increased. Brain phosphorylation potential was reduced in the members by about 40%. Skeletal muscle was studied at rest in the three members and during aerobic exercise and recovery in the son and daughter. Only the mother showed an impaired mitochondrial function at rest. Both son and daughter showed an increased end exercise ADP concentration whereas the rates of postexercise recovery of PCr and ADP were slow in the daughter. The rate of inorganic phosphate recovery was reduced in both cases. Plasma concentration of vitamin E and CoQ,, was below the normal range in all members. Conclusions-Structural changes in mitochondrial membranes and deficit of vitamin E together with reduced availability of CoQ,0 can be responsible for the multisystemic bioenergetic deficit. Present findings suggest that CoQ,0 supplementation may be important in familial hypobetalipoproteinaemia. ( The pathogenesis of this disorder is not yet fully understood. However, neurological symptoms and signs and the underlying neuropathological changes have been related to altered composition of cellular membranes due to the deficit of lipoprotein and vitamin E found in these patients34 and to the inability of the liver to incorporate vitamin E in the very low density lipoprotein and in LDL.5 A deficit of vitamin E leads to an excessive lipid peroxidation with production of lipid peroxyl radicals which in turn can result in damage to cell membranes36 as well as proteins and DNA.78 Therefore, it is conceivable that by different mechanisms, the damage due to free radicals results in an impairment of mitochondrial functionality and ATP production.9 12 Tissue bioenergetics can be assessed in vivo by phosphorus magnetic resonance spectroscopy (31P-MRS), the only available noninvasive method that gives precise information on the efficiency of ATP production and the extent to which oxidative metabolism meets the bioenergetic needs of cell function.
The aim of this study was to investigate by in vivo 31P-MRS whether a multisystemic defect of tissue bioenergetics is an underlying feature of the neurological disorders found in patients with a deficit of APO-B.
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The concentrations of plasma v and CoQ,0 were below the normal ra three subjects (table 4). (table 3) . However, in cases III-2 and III-3 we were able to investigate the metabolism of skeletal muscle under stressful conditions-that is, during exercise and recovery from exercise. In both cases the end exercise ADP concentration was higher than in controls who reached a similar PCr depletion at the end of exercise. The rise in ADP concentration stimulates mitochondria to operate closer to their maximal activity and may lead to normal mitochondrial ATP production in some neuromuscular disorders.4243 The stimulation of mitochondrial respiration by ADP resulted in a normal rate of mitochondrial ATP production in case III-2, as shown by a normal ADP and PCr recovery, but it could not drive the rate of mitochondrial phosphorylation to the normal range in case III-3 (table  3) . The end exercise pH was somewhat higher in both cases than in matched controls that exercised to the same extent. Increased end exercise pH can be due to increased proton efflux or reduced lactate production. 44 In both patients the proton efflux seems to be reduced-although not significantly-when compared with normal subjects with similar end exercise pH (fig 3) . Therefore, a reduced contribution of anaerobic glycolysis is the more likely explanation for high pH at the end of exercise.
Postexercise recovery rate of Pi was slow in both patients compared with a group of normal subjects who reached a similar postexercise minimum pH ( CoQ"'.5253 The known functions of CoQ10-that is, the electron transport in the inner mitochondrial membrane and-in its reduced form-antioxidant activity,7 13 lead us to hypothesise that the reduced plasma content of CoQ1, might play a part in the pathogenesis of neurological damage. There is evidence that CoQ10 is necessary for the regeneration of vitamin E from the a-tochopheroxyl radical, whereas ubiquinol does not require vitamin E for its antioxidant activity.7 Coenzyme Q10 is synthesised in all tissues by the mevalonate pathway7 '4 and is transported in the bloodstream mainly bound to LDL, but its tissue redistribution from plasma is not yet established.7 It is also known that an increased availability of circulating CoQ10 ameliorates the efficiency of energy metabolism." '7 This suggests that low CoQ1, could be responsible for a reduced efficiency of respiratory chain, or an increased oxidative stress of membranes,or both, possibly leading to neurological disturbances.
The different phenotype reported in apparent primary CoQ10 deficiency58 does not exclude a pathogenic relevance of the CoQ10 deficit. In fact, in primary mitochondrial disorders a similar bioenergetic deficit20 and even the same mtDNA mutation may result in different clinical expressions. '9 We did not find a direct relation between the degree of energy metabolism failure and the clinical picture. In fact, the asymptomatic daughter (case III-3) had the most compromised energy metabolism. This is not a surprising finding as brain bioenergetic impairment has been described in patients affected by mitochondrial myopathy without any brain symptoms.20 60 However, case III-3 is also the youngest of the examined patients and the time of exposure to the persistent energy metabolism defect may contribute to the development of neurological impairment.
Our results illustrate that a multisystem impairment of bioenergetics and a reduced rate of muscle Pi transport are biochemical features of familial hypobetalipoproteinaemia. They also show that a bioenergetic derangement can be present in asymptomatic patients. Three main factors may be responsible for the multisystem energy failure found in our patients: (1) structural changes of the inner mitochondrial membrane leading to spatial changes among respiration complexes thus interfering with the diffusion of mobile electron transporters in the mitochondrial inner membrane; (2) deficit of vitamin E leading to increased production of free radicals and consequent damage of mitochondrial membranes, DNA, or respiratory complexes; (3) reduced availability of CoQj0 in the inner mitochondrial membrane causing an impairment of oxidative phosphorylation.
The CoQ,0 depletion, found in all the patients, suggests that CoQ,0 supplementation may be important to halt further progression or to prevent neurological abnormalities in familial hypobetalipoproteinaemia.
